SUMMARY A 3-day-old infant investigated for cyanotic heart disease was found to have partial DiGeorge syndrome and pulmonary atresia with ventricular septal defect. The only source of pulmonary blood flow was a right-sided persistent ductus arteriosus which originated from an aberrant right subclavian artery. Such a vascular ring has not been described previously. Surgical treatment included a left-sided prosthetic shunt in infancy followed by resection of the ligamentum arteriosum and right subclavian artery during the second year of life.
A left aortic arch with aberrant right subclavian artery and right ductus arteriosus is a rare form of complete vascular ring. Only cases in which there was also a retro-oesophageal and right descending thoracic aorta, with the ductus arising from the dorsal aortic root, have been recorded in the English publications. I 2 The patient presented here is unique in that the descending aorta was on the left and the persistent ductus arteriosus originated from the aberrant subclavian artery itself. The association of this anomaly with pulmonary atresia, ventricular septal defect, and partial DiGeorge syndrome created special problems in surgical management.
Case report A male infant, 3*2 kg, was transferred at 3 days of age for investigation of increasing cyanosis. Pregnancy and delivery had been uncomplicated, and he first became "dusky" with tachypnoea seven hours after birth. On physical examination, the baby had odd facies, with pointed ears, widely spaced eyes, and down-turned mouth. Moderate central cyanosis, a soft systolic murmur along the left sternal edge, and a single second heart sound were noted. ng/l; normal= 130-380 ng/l). Thymic dependent lymphocytes, however, were present and appeared to have normal function. A diagnosis of partial DiGeorge syndrome4 was made, and the child was eventually dismissed from hospital at 3 months of age. Mild congestive heart failure was controlled by digoxin, and serum calcium levels maintained by dihydrotachysterol. The latter was discontinued after one year without recurrence of hypocalcaemia.
A poor feeder throughout infancy, the baby suffered progressive dysphagia and was unable to take solid food at 14 months of age. Reinvestigation of his cardiovascular status at that time showed that the ductus arteriosus had closed and the shunt was patent (Fig. lb) . Systemic arterial saturation was 74%. On barium swallow, the oesophagus was compressed laterally and posteriorly, consistent with a vascular ring formed by the left aortic arch, aberrant right subclavian artery, and the right ligamentum arteriosum (Fig. 2) complete relief of his feeding problems. At 3Y2 years of age, he now awaits correction of his pulmonary atresia and ventricular septal defect.
Discussion
Anomalies of the aortic arch are encountered not infrequently in palliative surgery for cyanotic congenital heart disease. Among 841 patients explored with a view to systemic-pulmonary anastamosis, Bahnson and Blalock observed 40 vascular rings, including 36 instances of retro-oesophageal subclavian artery. 5 The aberrant subclavian artery on either side can be used to perform a satisfactory Blalock-Taussig anastomosis, and the resulting complete vascular ring has not caused symptoms of tracheal or oesophageal compression.67 When the anomaly is a double aortic arch, using the smaller arch for the shunt achieves simultaneous palliation of cyanosis and division of the vascular ring.89 In our patient, however, the pulmonary blood supply depended upon the integrity of the vascular ring, and the presence of a right-sided ductus precluded a Blalock-Taussig shunt on the side opposite to the aortic arch. With knowledge of the arch anatomy from preoperative angiography, it was possible to plan the initial prosthetic shunt on the side of the aortic arch, and this permitted subsequent interruption of the vascular ring when it became symptomatic.
Embryologically, this anomaly can be explained by persistence of the right sixth arch as the ductus arteriosus and the right eighth dorsal aortic root as the aberrant subclavian artery, with regression of the left sixth arch and the right fourth arch.'0 Factors that determine the side of the descending aorta are unknown but, it is of interest in this case, where the aorta remained on the left, that the retro-oesophageal portion of the subclavian artery was considerably larger than normal (Fig. la) . Since the patient also had pulmonary atresia, it seems unlikely that the large segment resulted from preferential blood flow during development. Developmental anomalies of the third and fourth pharyngeal pouches are often associated with those of aortic arch derivatives, but this is thought to represent a response to a common teratogenic factor rather than a causal relation. I The likelihood of compression symptoms occurring from this vascular anomaly is difficult to estimate. Among 14 patients reported with left aortic arch, right descending aorta, and right ligamentum arteriosum half suffered respiratory distress or feeding problems in infancy.'2 13 Associated cardiac anomalies were common, but none required palliative surgery, and the vascular ring was treated on its own merits.2 14 In each case, the ligamentum or ductus arteriosus was divided through a right thoracotomy McKay, Stark, de Leval rather than through the left-sided exposure used for most vascular rings.
Congenital heart disease as a presentation of the DiGeorge syndrome is well recognised and should be suspected in any infant with craniofacial stigmata and anomalies of the aortic arch."1 15 The twitching episodes caused by hypocalcaemia in this patient were of little consequence; but sudden death during cardiac catheterisation or after correction of acidosis with alkali has been attributed to arrhythmias secondary to exacerbated hypocalcaemia. 4 In the partial DiGeorge syndrome, patients may have considerable cellmediated immunity and, despite profound hypocalcaemia in infancy, achieve remission permanently during early childhood. Since survival of such patients has now been seen into the third decade,'6 aggressive treatment of the cardiovascular anomalies appears to be justified. 
